Highly uniform, strongly correlated domains of synthetically designed lipids can be incorporated into supported lipid membranes. The systematic characterization of membranes displaying a variety of domains revealed that the equilibrium size of domains significantly depends on the length of fluorocarbon chains, which can be quantitatively interpreted within the framework of an equivalent dipole model. A mono-dispersive, narrow size distribution of the domains enables us to treat the inter-domain correlations as two-dimensional colloidal crystallization and calculate the potentials of mean force. The obtained results demonstrated that both size and inter-domain correlation can precisely be controlled by the molecular structures. By coupling α-D-mannose to lipid head groups, we studied the adhesion behavior of the murine macrophage (J774A.1) on supported membranes. Specific adhesion and spreading of macrophages showed a clear dependence on the density of functional lipids. The obtained results suggest that such synthetic lipid domains can be used as a defined platform to study how cells sense the size and distribution of functional molecules during adhesion and spreading.
Introduction
Plasma membranes in nature are known to have intrinsically asymmetric compositions of lipids in their cytoplasmic and extracellular leaflets [32] . They are postulated to form laterally organized functional domains enriched with sphingolipids, cholesterol, and phospholipids [22, 36, 37] , often called 'rafts', which play key roles in complex cellular functions, such as endocytic traffic, signal transduction, and cell adhesion [3, 8, 15, 18, 24, 36] . The spatial confinement of ligand molecules would allow for the fine-adjustment of binding strength via cooperative, polyvalent interactions between proteins and ligand molecules, such as carbohydrateprotein interactions [26, 31, 40, 42] . For example, the binding affinity of synthetic sialyl Lewis X tetrasaccharide (sLe X , Neu5Acα2-3Galβ1-4(Fucα1-3)GlcNAc) molecules and selectin receptors (K d = 0.1-5 mM) [9, 17, 21] in solution is by three to four orders of magnitudes weaker than the corresponding value reported by in vivo assays (K d < 1 μM) [17, 39] .
Many recent studies demonstrated that raft-like domains could be formed in artificial membrane systems (Langmuir monolayers and giant lipid vesicles) composed of synthetic 'raft mixtures' [2, 11, 12, 23] , suggesting that self-assembling of lipids predominantly contributes to the formation of micro-domains. However, despite intensive studies in these years, domains composed of complex lipid mixtures are found to be either highly polydispersive, or coalesce into large domains. Thus, such inhomogeneous domains, whose diameters are often comparable to those of cells, cannot be used as well defined sub-cellular structures to regulate cell behaviors. In our previous account [17] , we designed synthetic lipids with sLe X head groups and semi-fluorinated lipid anchors, which formed micro-domains in phospholipid membranes. Although we demonstrated that these synthetic domains can be utilized to regulate the adhesion of Chinese hamster ovarial cells expressing E-selectin, we found that a higher degree of fluorination is necessary to form highly ordered micro-domains. Recently, we synthesized lipids with perfluorinated anchors (chain length, n = 17), and reported that they adopt a crystalline, helical conformation and formed highly uniform, strongly correlated domains [29] . The domain size (L = 350 nm) close to the optical resolution can be quantitatively determined by grazing-incidence x-ray diffraction with analyzer crystal optics. The interactions between these nano-domains turned out to be highly repulsive: the long-range ordering can reach up to a distance eight times larger than the domain size, which can be interpreted within the theoretical framework of two-dimensional colloidal crystallization.
In this work, we synthesized two new perfluorinated lipids (n = 10 and 13), and found a significant impact of the fluorocarbon chain length on the domain size and the interdomain interaction. Based on the full characterization of the membranes by a combination of various surface sensitive techniques, we were able to quantitatively calculate the minimal free energy and, thus, the equilibrium domain size within the framework of an effective dipole potential model. An excellent agreement between experimental results and theoretical calculation strongly suggested the rational design of tailored micro-and nano-domains of perfluorinated lipids displaying biofunctional groups.
As the first step, we functionalized one of the lipids (n = 10) with mannose, and utilized the micro-domains to regulate the cell adhesion behavior. In nature, mannose is recognized by the mannose receptor (MR), which is a 180 kDa C-type lectin with multiple carbohydrate recognition units, playing important roles in internalization of various sugarcontaining proteins [13, 14, 34] . In this study, we chose the murine macrophage cell J774.A1 as a cell type; it expresses MR at a surface concentration of around 46.000/cell (K d ∼ 92.9 nM) [16] . In this study, we highlighted changes in cell shapes and cytoskeleton remodeling caused by the density of mannose-functionalized domains. 
Materials and methods

Fluorinated amphiphilic molecules
1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC) was purchased from Avanti Polar Lipids Inc. (Alabaster, AL-USA), and 1,2-dihexa-decanoyl-sn-glycero-3-phosphoethanolamine, triethylammonium salt (TexasRed-DHPE) from Invitrogen (Karlsruhe, Germany). The fluorocarbon chains FLn (n = 10, 13, 17) of the anchor lipids were connected to glycerol backbones. To study the influence of the number of fluorocarbon chains, a lipid with three fluorocarbon chains (FT10) was synthesized. In the last step, the hydroxy-headgroup was replaced by a α-D-mannose monomer for FL10Man molecules to highlight the impact of carbohydrate ligands on cell adhesion behavior. The synthesis of fluorinated lipid molecules followed the previously reported synthetic pathway [20, 28, 29] , whose chemical structures are shown in scheme 1. The detailed information on the synthesis is reported in appendix A.
Cell culture
The murine macrophage cell line J774A.1 expressing the mannose binding receptor was purchased from DSMZ GmbH (Braunschweig, Germany) and maintained in 89% Dulbecco's MEM, 10% fetal bovine serum (FBS) and 1% penicillin and streptomycin (Sigma-Aldrich Chemie GmbH, Munich, Germany). Before harvesting the cells with a scraper, they were kept for at least 16 h (corresponding to half of the cell division cycle) in FBS and glucose-free medium for synchronization. Cell adhesion experiments were carried out in 140 mM NaCl and 1 mM CaCl buffered with 10 mM TRIS (pH 7.4).
Sample preparation
Prior to the monolayer deposition, cleaned glass slides were hydrophobized with octadecyltrimethoxysilane (ABCR GmbH, Karlsruhe, Germany) [19] . The lipid mixtures were dissolved in 1:1 (v/v) 1,1,2-trichlorotrifluorethane (Riedelde Haën, Seelze, Germany): chloroform solution at a concentration of 0.8 mM. For the visualization of domains, 0.1 mol% of TexasRed-DHPE was doped into the stock solution. The stock solution was spread onto a water subphase of a Langmuir film balance (Nima Technology Ltd, Coventry, UK). After evaporation of the solvents, the film was compressed at a low speed (0.01Å 2 molecule −1 s −1 ) to a surface pressure of π = 20 mN m −1 at T = 293 K. After the transfer onto a hydrophobic glass slide by horizontal Langmuir-Schaefer transfer, the sample was kept under water and assembled with a μ-Slide I flow chamber lid (Ibidi GmbH, Martinsried, Germany). For the analysis of cell shapes, the cells were fixed overnight in 3.7 vol% paraformaldehyde at 4
• C and made permeable with 0.2 vol% TritonX-100 before staining with Alexa Fluor488 phalloidin (Invitrogen GmbH, Karlsruhe, Germany). All the other chemicals were purchased from Sigma-Aldrich Chemie GmbH (Munich, Germany) and used without further purification. Throughout the study, double de-ionized water with a specific resistance of R > 18 M cm −1 (TKA GmbH, Niederelbert, Germany) was used.
Microscopy
Fluorescence microscopy and microinterferometry (Reflection Interference Contrast Microscopy, RICM) were carried out on an Axiovert 200 inverted microscope (Carl Zeiss, Göttingen, Germany) equipped with an Orca ER CCD camera (Hamamatsu Photonics, Herrsching, Germany). Since all fluorescent lipid tracers are excluded from the fluorinated domains into the fluid lipid matrix [29] , FLn domains appeared as dark spots that were identified below the threshold intensity using Cellenger software (Definiens AG, Munich, Germany).
To average on local sample variations, at least 2000 domains on more than 50 different regions were evaluated. RICM was performed at a wavelength of 546 nm using a PlanNeofluar 63×/1.25 Antiflex objective. Cell culture conditions were maintained by means of a HT200 thermostated chamber (Ibidi GmbH, Martinsried, Germany) flushed width 5% CO 2 .
Image stacks were recorded with 200 nm z-spacing on a Perkin Elmer Ultraview spinning disc confocal setup mounted on a inverted microscope equipped with a 60× Plan Apo VC water immersion objective, NA 1.2 (Nikon, Düsseldorf, Germany). Before applying image stacks to the rendering process, the images were deconvolved with Huygens software 3.4 from Scientific Volume Imaging (Hilversum, The Netherlands).
X-ray scattering
Grazing-incidence x-ray diffraction (GIXD) measurements were carried out at the ID 10B beam line at the European Synchrotron Radiation Facility (ESRF, Grenoble, France). A monochromatic synchrotron x-ray beam (λ = 1.5Å) impinges on to the monolayer interface at a grazing angle (α i = 0.8α c ) below the critical angle (α c ) of total reflection. The intensity of the diffracted beam was detected with a linear position sensitive detector mounted in vertical direction. The horizontal scattering vector component q xy was measured as a function of the azimuthal scattering angle . Small angle x-ray scattering (SAXS) experiments were carried out at the beam line A2 at the Hamburger Synchrotronstrahlungslabor (HASYLAB, Hamburg, Germany). The lipid mixtures were filled in quartz capillaries with an inner diameter of 1 mm (Hilgenberg, Malsfeld, Germany), briefly centrifuged, and flame-sealed.
Theory of finite domain size
To understand the influence of fluorocarbon chain lengths on the size of domains, we used a steady state model to describe the free energy F of a binary lipid mixture. According to the equivalent dipole model [27] , the free energy F of domains with a finite size R can be written as the sum of the electrostatic energy F el and the tension energy F λ :F = F el + F λ . The electrostatic free energy F el is expressed by
where m is the difference in the molecular dipole densities between fluorinated lipid domain and phospholipid matrices, δ is the dipole-dipole distance at the phase boundary, and e is Euler's constant. The tension energy is written as:
where
The line tension λ is separated into two terms, where γ is the surface tension at fluorocarbon-air interface, γ CF−air = 9.5 mN m −1 [7] , and l CF is the molecular length of fluorinated lipids.
l and γ reflect the mismatch in the molecular length and the difference in the surface tensions γ CH−air -γ CF−air = 9.8 mN m −1 [7] . l FL is the length of the fluorinated lipid molecule, while l the mismatch in molecular lengths between phospholipids and fluorinated lipids. At equilibrium, the minimization of the free energy F, yields the equilibrium radius R eq of the domain size:
This means, once the four structural parameters, m, δ chain , l FL , and l, are determined experimentally, one can calculate the equilibrium domain size. In the following section, we present the structural parameters extracted from the experiments; these will be introduced into the model and compared with the theoretical prediction. Figure 1 represents the fluorescence images of the phospholipid (DOPC) monolayers doped with FL10 (top row), FL13 (middle row), and FL17 molecules (bottom row). As shown in the figure, FLn lipids form circular domains, and the size of domains seems to depend on the length of fluorocarbon chains but not on the molar fraction of FLn lipids: the average diameters of fluorinated lipid domains d exp are 1.9 ± 0.3 μm for FL10, 0.6 ± 0.1 μm for FL13, and 0.3 ± 0.1 μm for FL17, respectively 7 . The size of FL17 domains estimated from the image analysis (0.3 ± 0.1 μm) seems to be in reasonable agreement with that calculated from the peak width,
Results and discussion
Influence of fluorocarbon chain length on the domain size
Since the clear dependence of domain size on the molecular length that we observed here seems to agree well with the theoretical prediction within the framework of the equivalent dipole model, we determined the four structural parameters required for the calculation of the equilibrium domain size.
First, the chain-chain distance in FLn domains could be determined from the GIXD experiments. All fluorinated lipids show a single Bragg peak at q z = 0Å −1 , suggesting that fluorocarbon chains are arranged in a hexagonal lattice and take an upright conformation with no detectable molecular tilt. From the position of the Bragg peaks, q xy = 1.27 ± 0.01Å −1 for FL10, 1.28 ± 0.01Å
for FL13, and 1.28 ± 0.01Å −1 for FL17, it is possible to calculate the inter-chain distance of 5.73 ± 0.01Å for FL10, 5.67 ± 0.01Å for FL13, and 5.65 ± 0.01Å for FL17, respectively. These values agree well with the value reported from the crystallography of ordered fluorocarbon chains taking a helical conformation, 5.54Å [6] . Therefore, taking the average distance between the hydrocarbon chains of DOPC in a fluid state (6.5Å, calculated from the pressure-area isotherm of a pure DOPC monolayer), the dipole-dipole distance at the phase boundary, δ ∼ 6.1Å, could be obtained. In the next step, we determined the length of FLn molecules l FL by SAXS measurements of FLn suspensions (appendix B). The obtained SAXS patterns were fitted with a three slab model (water, lipid head groups, fluorocarbon chains) to reconstruct the electron density profiles, yielding the molecular lengths of l FL10 = 12.8 ± 0.5Å, l FL13 = 16.8 ± 0.5Å, and l FL17 = 21.9 ± 0.5Å. From the molecular height of DOPC l DOPC = 18.5±0.5Å [38] and the length mismatch l can be calculated for all the FLn 7 molecules. The summary of all the structural parameters is presented in table 1. The other parameter, the molecular dipole difference m, can be measured using a film balance equipped with a vibrating plate electrode (Kibron, Espoo, Finland). The dipole potentials of pure FLn monolayers at π = 20 mN m −1 were found to be almost independent of the chain length, (−630 mV). The negative dipole moment projected to the direction normal to the surface is dominated by the electron-accepting CF 3 -terminal group [35] . Therefore, m is mainly influenced by the intermolecular distance or density of the molecules. This finding seems consistent with GIXD results that indicate that all FLn molecules have an upright conformation, having a finite inter-chain distance of ∼5.7Å that remains unchanged for different surface pressures (data not shown). In fact, a DOPC monolayer has a dipole potential of an opposite sign (+315 mV) due to its electron-donating CH 3 -terminal group [4] . The measured dipole potential V dip can be written as a function of the dipole density m (and thus the molecular dipole moment μ, by taking the area per molecule A into consideration) by using the Helmholtz equation:
where ε 0 is the permittivity of free space, and ε r is the dielectric constant of the monolayer. In order to calculate the equilibrium radius domain size R eq , the dielectric constant ε r is the only remaining unknown parameter. In fact, as is obvious from equations (3), and (4), the choice of the dielectric constant ε r is critical, due to the exponential dependence on ε 2 r . The value significantly depends on the location of the molecules at the interface between air (ε air = 1) and water (ε water = 78), which is, in a realistic viewpoint, difficult to define. Therefore, starting from the dielectric constant of fluorinated liquid medium ε F,liquid ∼ 5, we took arbitrary ε r values and calculated the equilibrium domain diameter, D eq = 2 × R eq , for FL10, FL13, and FL17 in order to achieve an agreement with three experimental values d . The optimal agreement is obtained if one takes ε r = 6, where the theoretically calculated values fall within the experimental errors (figure 2). In a recent account [5] , the molecular dipole moment of alcohols with single fluorocarbon chains in vacuum were calculated to be μ = 2.8 D. If one assumes that the dipole moment of the FLn lipids with two chains is 5.6 D, an apparent dielectric constant of ε r = 5.5 can be obtained, showing reasonable agreement with the optimal value we obtained in a self-consistent manner (ε r = 6).
Previously, Lipowsky and Dimova [25] proposed a relatively simple approach to describe the line tension λ of the domain boundary in binary lipid mixtures using the size of lipid molecules L and the energy difference U between the lipids in domains (A) and matrix lipids (B):
Here, U AA and U BB represent the homo-pair interactions, while U AB is the hetero-pair interaction at the domain boundary. The uniqueness of our experimental system is that the contribution from heterotypic interactions between fluorocarbon chains and hydrocarbon chains U AB is negligibly small [10, 33] . Since the homophilic interactions between matrix lipids (U BB ) are constant, the dominant parameter that determines the line tension in this model is the homophilic interactions between fluorocarbon chains U AA . However, since U AA is proportional to the length of fluorocarbon chains, the elongation of fluorocarbon chains should lead to an increase in λ, resulting in an increase in the equilibrium domain radius R eq . This is contradictory to the tendency that we found experimentally, suggesting that the influence of the pair potential considered in equation (5) is not sufficient to calculate R eq . Here, the mismatch in the molecular length ( L in equation (2)) should additionally be taken into consideration. Thus, in this study, we used equation (3) to calculate the R eq values.
Correlation between synthetic lipid domains
The strength of inter-domain correlations was quantitatively evaluated by calculating the radial distribution function g(r ) = [dN(r + dr )/d(A + dA)] × N/A for >2000 domains [30] . Within the framework of the inverse work theorem, g(r ) can be related to so-called potential of mean force-w(r ):
The potentials of mean force calculated for [FLn] = 33 mol% are presented in figure 3 . Note that the distance r is not normalized by the domain size in the figure to highlight the impact of the molecular structures on the interaction potentials. As presented in the figure, the distance to the first order minimum monotonically increases from r FL17 = 0.8 ± 0.2 μm, r FL13 = 1.7 ± 0.5 μm to r FL10 = 6.5 ± 1.3 μm according to the decrease in the fluorocarbon chain length. Moreover, the potentials near the first order minima are well approximated as harmonic (red lines in figure 3 ), yielding the spring constants of k FL17 = 6.5 ± 0.7 μm −2 , k FL13 = 3.1 ± 0.1 μm −2 , and k FL10 = 0.48 ± 0.01 μm −2 , respectively. The observed tendency suggests that the confinement of FLn domains is shallower according to the decrease in the fluorocarbon chain length. It should be noted that this potential, obvious from its definition, is of free energy nature and includes many body interactions, where the long-range correlations can readily reach up to a distance that is several times larger than the domain size. Here, w(r ) can be equivalent to the direct pair potentials between two particles only for highly diluted system. In fact, uncorrelated interactions following the Yukawa potential [41] can be observed at [FLn] < 5 mol% (appendix C).
Influence of molecular structures
To further examine the impact of molecular structures on the size and correlation of fluorinated lipid domains, we also investigated the influence of the number of fluorocarbon chains. For this purpose, we prepared monolayers doped with FT10, which has three fluorocarbon chains. Figure 4(A) represents the potential of mean force calculated for FT10 domains (33 mol%) and the corresponding fluorescence image. It is notable that the average domain size d exp = 1.7±0.3 μm and the position of the first potential minimum r FT10 = 5.5 ± 0.8 μm are comparable to those of FL10 (table 1) . This finding seems fully consistent with the equivalent dipole model: SAXS proves that the length of FT10 is almost identical to that of FL10, and GIXD indicates that fluorocarbon chains of FT10 take an upright orientation, keeping the same inter-chain distance. In order to utilize such strongly correlated, fine-adjustable lipid domains to regulate the cell adhesion behavior, we coupled a simple monosaccharide, α-D-mannose, to the FL10 head group (FL10Man). In contrast to the results obtained for FT10, FL10Man exhibited a slight but distinct change in both size and correlation ( figure 4(B) ). Both the domain size ( d exp = 1.2 ± 0.2 μm) and the position of the first minimum (r FL10Man = 3.6 ± 1.7 μm) were smaller than those of FL10, suggesting a decrease in the repulsive interactions between domains. In fact, the harmonic potential assumed near the first minimum became sharper, which can be characterized by a larger spring constant. Although we observed no changes in the molecular length or orientation within our experimental resolution, the obtained results suggest the slight influence of saccharide head groups on the size and correlation of the fluorinated lipid domains.
Adhesion of murine macrophage on FL10Man domains
The three-dimensional shapes of J774A.1 cells reconstructed from confocal microscopy images (upper row) and the microinterferograms of live cells taken under the same conditions (bottom row) are presented in figure 5 . Here, murine macrophage cells were incubated on supported membranes consisting of (a) pure phospholipids (DOPC), (b) 33 mol% FL10Man and 67 mol% DOPC, and (c) pure FL10Man for 2 h. It should be noted that the density of cells found on DOPC membranes ( figure 5(a) ) is very small in comparison to those on membranes with FL10Man ( figures 5(b) and (c) ). In fact, more than 90% of cells found on the surface could be removed by a gentle exchange of the culture medium, indicating that the adhesion on phospholipid membranes is weak and non-specific. The fluorescence image with phalloidin labeling ( figure 5(a), top) implies that most cells are round, and no spreading of the peripheral membrane could be observed. In fact, the contact area of cells could hardly be identified with RICM (A contact < 10 μm 2 ) due to a significant height fluctuation of cells near the surface ( figure 5(a), bottom) . On the other hand, cells adherent on membranes containing FL10Man (figures 5(b) and (c)) could not be removed even by intensive rinsing, suggesting that the adhesion is stronger and more specific than that on pure lipid membranes. On the membrane with 33 mol% FL10Man ( d FL10Man = 1.2 μm, r FL10Man = 3.6 μm), a distinct spreading of the peripheral membrane could be found in the fluorescence image ( figure 5(b) , top and middle panel). Time lapse images of cells even suggested a stepwise spreading above the circular domains, which can be identified as round dark spots within the adhesion area ( figure 5(b), bottom) . Under this condition, the contact area (A contact = 35 μm 2 ), as well as the contact line perimeter (L peri = 40 μm), could easily be calculated from the RICM image ( figure 5(b) , bottom). The cell spreading was even more prominent on pure FL10Man membranes, where punctate structures and filopodia near the plane of cell contact [1] can be identified ( figure 5(c), top and middle panel) .
From the RICM image analysis, a significant increase in both the contact area (A contact = 630 μm 2 ) and the contact line perimeter (L peri = 360 μm) could be observed. Further RICM studies on live cells would reveal how cells respond to the size and lateral density of functional domains during the dynamic cell spreading.
Conclusions
We synthesized several kinds of lipids with perfluorinated chains, and demonstrated that such synthetic (and thus nonbiological) lipids can form highly uniform, strongly correlated domains in supported lipid membranes. Due to their strong oleophobic nature, all fluorinated lipids are completely demixed with matrix phospholipids, which results in a finite domain size at a wide range of mixing ratio. Full structural characterizations by the combination of x-ray scattering, surface potential measurements, and grazing-incidence x-ray diffraction revealed that the equilibrium size of domains is significantly influenced by a slight change in molecular structures. Within the framework of the equivalent dipole model, the equilibrium domain size obtained by the image analysis can be well explained in terms of the balance between the electrostatic free energy and the tension energy. Owing to a mono-dispersive, narrow size distribution of the domains, we can adopt the theory of two-dimensional colloidal crystallization to evaluate the strength of interdomain correlations. According to the inverse work function theorem, the potentials of mean force can be deduced from the radial distribution functions of domains. The obtained results demonstrated that both the size and distribution (inter-domain correlation) can precisely be adjusted by the molecular structures of fluorinated lipids. In the last step, we examined the potential of such synthetic lipid domains for the regulation of cell adhesion behaviors. For this purpose, we functionalized the lipid head groups with α-D-mannose, and studied the adhesion behavior of murine macrophage (J774A.1) by the combination of confocal microscopy and microinterferometry (RICM). Macrophages showed a specific adhesion and spreading on membranes containing mannosefunctionalized lipids, depending on the density of functional lipids. The obtained results suggest that synthetically designed, fine-tunable domains can be used as a defined platform to study the influence of size and distribution of functional molecules on cell adhesion behaviors.
A. A mixture of 1H,1H-perfluoro-1-decanol (3.7 mmol), 50% aqueous NaOH (0.84 g, 20.9 mmol, 1.7 ml H 2 O), tetrabutylammonium bromide (0.079 g, 0.25 mmol), and benzene (5 ml) was stirred at room temperature for 15 min. Epichlorhydrin (2 ml, 26 mmol) was then added and the reaction mixture heated to 75
• C for 18 h. 
B.
In a 50 ml flask 3-hydroxy-2,2-bis(hydroxymethyl)propyl acetate (0.25 mmol) and fluorinated glycidol (0.75 mmol) were introduced. Then the air in the flask was evacuated and flooded with argon. Dichloromethane (100 ml) and five drops BF 3 ·OEt 2 were added. The white suspension was stirred at room temperature for 12 h. Afterward five more drops BF 3 ·OEt 2 were added and the mixture was stirred for further 12 h. Finally the solvent was evaporated and the white residue was examined by NMR-analysis (no epoxidepeaks were observed). The white residue was dispersed in methanol/dichloromethane (10 ml; 3:1 v:v) and sodium methoxide (10 mg) was added. After stirring overnight, the solution was neutralized with Amberlite IR120 (H + ), filtered and the solvent was evaporated. The double chain fluorinated lipid, named FLn (n = 10, 13, 17) were prepared as previously described [20, 29] . FL10Man was synthesized by the coupling of FL10 with the activated mannose [28] (figure A.2).
C. A solution of 1,2,3,4,6-penta-O-acetyl-D-mannopyranose (3.5 g, 9 mmol) and NH 2 NH 2 ·AcOH (1.07 g, 1.7 mmol) in DMF (10 ml) was stirred for 10 min at 50
• C and after cooling to 20
• C, diluted with 100 ml of EtOAc. The solution was washed with water, aq. NaHCO 3 , aq. NaCl, dried (MgSO 4 ), and evaporated in vacuo. Yield: 95%. • C, the mixture was directly chromatographed on SiO 2 in 1:1 hexane-EtOAc (R f = 0.26). The product was isolated as a white solid. Yield 64%. 1 
E.
To a solution of FL10 (86.5 μmol, 1 eq) and trichloroacetamidate (M = 491, 0.042 g, 86.5 μmol, 1 eq) in dry dichoromethane with molecular sieves (AW-300) was added BF 3 ·Et 2 O (4 μl, 33 μmol, 0.3 eq) at room temperature. After 4 h the solution was neutralized with triethylamine, filtrated and evaporated under reduced pressure.
F .
To a solution of fluorolipid acetylated mannose (176 μmol) in dry methanol/dichloromethane (40 ml; 3:1 v:v) was added sodium methoxide (40 mg 
